The inherent regularities of hydrological processes will not be stationary under the changing environment, making the evaluation of hydrological characteristics and trend forecasting face great uncertainty. Based on the observed streamflow series in the Poyang Lake catchment during the period 1960-2013, this study investigated the evolution characteristics and future trend of water resources. The extracted trend component by wavelet decomposition and the reliability of trend forecasting by rescaled range analysis (R/S analysis) were verified and assessed by a non-parametric statistical test. Results indicate a change point at 1995 when the trend of annual streamflows across the catchment changed. Periodic components indicated that the lake basin seems to enter into an increasing process under inter-decadal scale, while decreasing under inter-annual scale in the near future. R/S analysis revealed that annual streamflow series of most stations in Poyang Lake show 'weaker' or 'very weak' persistence. For the whole study period, Hurst exponents of most stations are less than 0.5 (0.224-0.339), therefore, opposite from the increasing trend of historical series, decreasing trend is forecasted for the basin. However, due to the effect of intensified human activities in the Fuhe sub-basin, the reliability of R/S analysis on trend forecasting is disturbed at Lijiadu station.
INTRODUCTION
Within the context of ecological, social, and economic development, water quantity and quality have become increasingly serious issues for water resources management at catchment and/or regional scale (Ren et In China, the middle-lower Yangtze River (MLYR) is one of the fastest developing regions. It is also a region that is facing water resource and ecological problems. A permanent example in this region is Poyang Lake, the largest freshwater lake in China which feeds the lower Yangtze River, and that has suffered frequent floods and droughts Liu et al. a, b; Tan et al. ) . In order to help policymakers manage the water resource of the lake basin more effectively, the current study was conducted to investigate the evolution characteristics and possible future trend of major tributaries in the Poyang Lake catchment. In this study, we investigated the significance of wavelet and R/S methods in water resources variation assessment. The reliability of these methods was further validated and assessed by a non-parametric statistical test. Most importantly, we examined the time scale of long-term persistence of streamflow series and the potential disturbance of intensive human activities.
STUDY REGION AND DATA
The Poyang Lake basin is located on the south bank in the middle reaches of the Yangtze River in southeast China As a typical agriculture catchment, the Poyang Lake catchment serves as an important food base for China.
According to the rapid economic development and population explosion, human activities have become increasingly important regarding the change of water resources in the catchment. It is reported that a total of 9,530 reservoirs were built across the catchment up to 
METHODS

Wavelet decomposition
Wavelet decomposition is a widely used signal processing technique that separates a time series ( The wavelet analysis method was derived from Fourier theory, and its basic content is wavelet transform. Let L 2 (R) denote the square integrable function space defined on the real axis, for any time series f (t)∈L 2 (R), the continuous wavelet transform is defined as the following equation:
where W Wavelet decomposition in its simplest form involves passing a signal (or a time series) through a high-frequency filter and a low-frequency filter, and obtains 'approximation'
and 'details' of the signal. Figure 2 shows a multi-layer decomposition process. The first layer of decomposition creates the first layer of detail (D 1 ) and approximation (A 1 ) representations of the time series data. To further decompose the data, A1 can be passed through a second pair of high-and low-pass filters to yield a second layer of detail (D 2 ) and approximation (A 2 ). This process can be repeated multiple times until the specified layer of signal decomposition is reached or the signal cannot be further
decomposed. An approximation holds the general trend of the original signal, while a detail depicts high-frequency (periodic) components of it (Seo et al. ) . According to this process, the original data can also be reconstructed by summing each layer of detail and the final layer of approximation. The selection of mother wavelets is necessary when apply- was selected for wavelet decomposition in this study.
R/S analysis
The R/S analysis (rescaled range analysis) was first proposed For a time series x(t), t ¼ 1, 2, 3, …., the mean sequence can be defined as:
Cumulative deviation is:
Range is:
Standard deviation is:
Consider the ratio between R(τ) and S(τ), then a relationship holds: weak to strong into five levels (Table 2) . However, the long-term memory of a time series is bounded. Theoretically, the length of long-term memory can be determined through finding the turning points in lgτÀlgR/S plots. The average length of periodic can be identified by the statistics V τ .
when (R/S) τ and ffiffi ffi τ p increase synchronously, the scatters of 
MK test
The non-parametric Mann-Kendall (MK) statistical test was also applied as supplementary estimate of the change trend.
The method is widely used for trend detection in hydrological and meteorological series (e.g., Ye et al. ; Zhang et al.
).
According to the method, the null hypothesis H 0 of the test is that there is no trend of the data set X (x 1 , x 2 ,
The null hypothesis H 0 should be rejected if |Z| ! 1.96 at 5% significance level, and |Z| ! 2.32 at 1% significance level. The Z value is a standard normal variable that represents the significance level of a specific trend.
A positive value of Z indicates an increasing trend, and a negative value of Z indicates a decreasing trend.
RESULTS AND DISCUSSION
Wavelet decomposition of historical streamflow series
Based on wavelet decomposition theory, when the sample size is N, the numbers of decomposition cannot exceed the maximum layer of Log 2 N. In this study, the sample size of annual streamflow sequence is 54, so the maximum layer that can be decomposed to is five. However, by comparing the deviation of the trend component from linear regression, it is determined that four-layer decomposition can meet the needs of the extraction of the trend change and trend components. The obtained high-frequency parts (d1, d2, d3, d4 in Figure 3 ) from wavelet decomposition, to a large extent, reflect the characteristics of periodicity at different levels.
According to the high-frequency parts of the six gauging stations, average periodicity was extracted. It is seen from 
Verification from non-parametric test
The year 1995 was found to be the crucial year when the trend of streamflow series changed. In order to test the effectiveness of wavelet decomposition in trend extraction and R/S analysis in trend predicting, trend detection by MK test and Hurst exponents were calculated under different time periods.
The calculated Z value from MK test in Table 4 (Table 4) .
According to the theory of R/S analysis, the streamflow series of the six gauging stations are characterized by short memory or anti-persistence. In other words, opposite to the increasing trend during the period 1960-1995, decreasing trend should prevail in the years following 1995.
Analysis from the MK test confirmed the decreasing trends of all the six gauging stations during the period 1996-2013, although the trends are not significant (Table 3) .
Therefore, based on the above analysis, R/S method is verified to be effective in trend predicting of annual streamflow series in the study area. In addition, because there is no data series after 2013, the verification of R/S analysis cannot be checked by this short time series. In fact, the estimated H values of all the gauging stations during 1996-2013 are close to 0.5, which may indicate a white noise series and the forecasting significance is much limited. 1960-1995 1996-2013 1960-2013 
Streamflow trend prediction
CONCLUSION
In the current study, evolution characteristics and future trend were evaluated with multiple methods in a large lake-river system in China. The effectiveness of wavelet decomposition in trend extraction and R/S analysis in trend predicting was validated and assessed by a non-parametric statistical test. Some conclusions were achieved as follows:
1. Multiple methods' assessment and cross validation are proven to be a useful and efficient tool for studying the hydrological processes evolution of a complex lake- 2. In our case study, increasing trends of streamflow series of the six gauging stations across Poyang Lake were found before 1995, and turned to decreasing after that year. Periodic components indicate that the lake basin seems to enter into an increasing process under interdecadal scale, while decreasing under inter-annual scale in the near future. Annual streamflow series of most stations in Poyang Lake show 'weaker' or 'very weak' persistence under a short time scale, and then the long-term memory disappeared within about seven or ten years.
However, preliminary estimation indicates that the antipersistence of annual streamflow series is relatively reliable within the time scale 20 < t < 36 years. For the whole study period, the calculated Hurst exponents of most stations are less than 0.5 (0.224-0.339), therefore, opposite from the increasing trend of historical series, decreasing trend is forecast for the basin.
